Description 



INDEPENDENT METERING VALVE ASSEMBLY FOR MULTIPLE 
HYDRAULIC LOAD FUNCTIONS 

Technical Field 

The present invention relates to hydraulic systems, and, more 
particularly, to hydraulic systems used in conjunction with an internal 
combustion engine including an independent metering valve assembly. 

Background 

A work machine such as a tractor, excavator, front end loader or 
the like typically includes an internal combustion engine providing motive force 
to the vehicle as well as providing power for auxiliary components. Auxiliary 
components may include hydraulic cylinders, hydraulic brakes, hydraulic fan 
motors, or other fluid actuated devices. 

It is known to utilize an independent metering valve (EMV) 
assembly in association with an internal combustion engine. Such an 
independent metering valve assembly typically receives pressurized hydraulic 
fluid from a hydraulic pump and is in fluid communication with a single 
hydraulic load providing a single hydraulic function. For example, an IMV 
assembly may be fluidly coupled with a two-way hydraulic cylinder used for a 
single output function (e.g., tipping a loader bucket on a fi-ont end loader). The 
IMV assembly typically includes four independently controllable valves, with 
one pair of the valves being coupled with the head end of the hydraulic cylinder 
and the other pair of controllable valves being coupled with the rod end to the 
cylinder. Each pair of controllable valves in the IMV assembly allows flow both 
to and from the hydraulic cylinder. The controllable valves are electronically 
controlled using a controller, depending upon various input signals received from 
one or more sensors. An example of an IMV assembly utilized for a single 



hydraulic function is disclosed in U.S. Patent No. 5,960,695 (Aardema et al.), 
which is assigned to the assignee of the present invention. 

An auxiliary component in the form of a hydraulic fan motor as 
described above is used for cooling the internal combustion engine. However, 
cooling requirements for internal combustion engines are subject to wide 
variations depending upon operating conditions. When the engine is cold, little 
or no cooling is required. During engine operation, the necessary cooling 
typically varies as a function of engine load, and with external conditions such as 
air temperature and wind or vehicle velocity. Driving a hydraulic fan motor in a 
continuous manner may thus not be desirable both from a parasitic power 
consumption stand point as well as operating efficiency of the engine. 

The present invention is directed to overcoming one or more of the 
problems as set forth above. 

Summary of the Invention 

In one aspect of the invention, a hydraulic system is provided with 
a hydraulic pressure source. A first hydraulic load is associated with a first load 
function. A second hydraulic load is associated with a second load function. An 
independent metering valve assembly includes a plurality of independently and 
electronically controllably valves. The independent metering valve assembly 
includes an inlet fluidly coupled with the pressure source, a first outlet fluidly 
coupled with the first hydraulic load, and a second outlet fluidly coupled with the 
second hydraulic load. 

In another aspect of the invention, a method of operating a 
hydraulic system is provided with the steps of providing an independent 
metering valve assembly including a plurality of independently and electronically 
controllable valves, the independent metering valve assembly including an inlet, 
a first outlet and a second outlet; fluidly coupling the inlet with a pressure source; 
fluidly coupling the first outlet with a first hydraulic load associated with a first 
load function; fluidly coupling the second outlet with a second hydraulic load 
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associated with a second load function; controlling the independent metering 
valve assembly to control flow from the pressure source through each of the inlet, 
the first outlet and the second outlet. 

Brief Description of the Drawings 

[08] Fig. 1 is a schematic representation of an embodiment of a 

hydraulic system of the present invention, incorporated in a work machine. 

Detailed Description 

[09] Referring now to Fig. 1, there is shown an embodiment of a 

hydraulic system 10 of the present invention utilized within a work machine, such 
as, for example, an excavator, front end loader, truck or tractor. For ease of 
illustration, only a portion of a frame 12 of the work machine is shown in Fig. 1 . 
Frame 12 carries hydraulic system 10, which generally includes a pressure source 
14, an IMV assembly 16, a first hydraulic load 18, a second hydraulic load 20, an 
adjustable valve 22 and a tank 24. 

[10] Pressure source 14 provides a source of pressurized hydraulic oil 

to hydraulic system 10. In the embodiment shown, pressure source 14 is in the 
form of a hydraulic pump. 

[11] IMV assembly 16 includes a plurality of independently and 

electronically controllable valves 26, 28, 30 and 32. More particularly, IMV 
assembly 16 includes a first controllable valve 26, a second controllable valve 28, 
a third controllable valve 30 and a fourth controllable valve 32. First controllable 
valve 26 and third controllable valve 30 are fluidly coupled in parallel with inlet 
34 to IMV assembly 1 6. First controllable valve 26 is fluidly coupled between 
pump 14 and first hydraulic load 18 via first outlet 36 of IMV assembly 16. 
Third controllable valve 30 is fluidly coupled between pump 14 and second 
hydraulic load 20 via second outlet 38 of IMV assembly 16. 

[12] Second controllable valve 28 and fourth controllable valve 32 are 

fluidly coupled in parallel with third outlet 40 of IMV assembly 16, which in turn 
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leads to tank 24. Second controllable valve 28 is fluidly coupled between first 
hydraulic load 1 8 and tank 24. Fourth controllable valve 32 is fluidly coupled 
betvveen second hydraulic load 20 and tank 24. It is recognized that, the second 
controllable valve 26 would not be used if first hydraulic load 1 8 is a fluid motor 
driving a fan or the like. 

In the embodiment shown, controllable valves 26, 28, 30 and 32 
are electrically controlled and infinitely adjustable valves which are controllable 
between a completely closed position, and a completely open position, as 
indicated. Electric lines 42 respectively extending fi*om each controllable valve 
26, 28, 30 and 32 are in turn electrically coupled with a controller (not shown) 
which independently controls operation of each respective controllable valve. 
Each controllable valve 26, 28, 30 and 32 is biased to a closed position, as 
indicated by springs 44. 

First hydraulic load 18, in the embodiment shown, is in the form 
of a fan motor used to cool an internal combustion engine. Fan motor 1 8 
includes an output shaft 46 coupled with a fan blade (not shown) for cooling the 
internal combustion engine. Fan motor 18 is driven such that output shaft 46 has 
a desired maximum rotational speed depending upon engine operating conditions. 
The speed at which output shaft 46 rotates is dependent upon the flow conditions 
of the hydraulic fluid flowing through fan motor 18. Fan motor 18 discharges the 
spent hydraulic fluid to tank 24. 

A first pressure sensor 48 and a second pressure sensor 50 are 
respectively fluidly coupled with first outlet 36 and second outlet 38. First 
pressure sensor 48 and second pressure sensor 50 are preferably incorporated into 
IMV assembly 16. First pressure sensor 48 and second pressure sensor 50 each 
are electrically coupled with and provide an output signal to the controller (not 
shown) which influences operation of controllable valves 26, 28, 30 and 32. 

Second hydraulic load 20, in the embodiment shown, is in the 
form of a pair of brakes 52 and 54 on a work machine. Each brake 52 and 54 is 
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fluidly coupled with an accumulator 56 and 58, respectively. Each accumulator 
56 and 58 acts to store hydraulic energy for use by the respective brake 52 or 54. 
Brakes 52 and 54 may be in any suitable form, such as spring applied and 
pressure release brakes utilizing hydraulic energy. 

Adjustable valve 22 intercormecting second outlet 38 with second 
hydraulic load 20 is a hydro-mechanical valve which, switches to direct flow to 
accumulator 56 or accumulator 58, dependent upon which accumulator has a 
lower pressure therein. Alternatively, valve 22 may be configured as an 
electrically controllable and infinitely adjustable valve to control fluid flow to 
brake 52 and/or brake 54. If configured electrically, the valve may likewise be 
electrically coupled with the controller via a suitable electric line for variable 
control thereof, dependent upon operating conditions. 

Industrial Applicability 

During use, pump 14 applies pressurized hydraulic oil to inlet 34 
of IMV assembly 16. First controllable valve 26 and third controllable valve 30 
are independently controlled using the controller to control the flow rate and/or 
pressure of the hydraulic fluid which is applied to fan motor 1 8 and/or brakes 20. 
First pressure sensor 48 and second pressure sensor 50, which would normally be 
used for sensing pressure at the head end and rod end of a hydraulic cylinder in a 
conventional use of IMV assembly 16, provide respective output signals to the 
controller for independent control of first controllable valve 26 and third 
controllable valve 30. If desirable, the second controllable valve 28 could be 
used to controllably bypass fluid being directed to the first hydraulic load 18. 
Fourth controllable valve 32 can be used to exhaust flow from brakes 20. 
Operation of first hydraulic load 18 and second hydraulic load 20 is mutually 
exclusive. Charging of brakes 52, 54 has priority over operation of cooling fan 
18. When brakes 52, 54 need charging, the oil is first directed to brakes 52, 54. 
An internal crossover relief valve within the motor allows the fan to continue 
spinning when this occurs. 



• # 



-6- 

The hydraulic system of the present invention is configured such 
that the independent metering valve assembly accommodates multiple hydraulic 
load output load functions. Controllable valves within the independent metering 
valve assembly are separately and independently controlled to control the flow 
rate and pressure of hydraulic fluid being applied to the multiple hydraulic loads. 
Depending upon the particular configuration of the output hydraulic load, the 
controllable valves are also independently controlled to allow return flow from 
one or more hydraulic loads to a tank coupled with an additional outlet from the 
IMV assembly. The pressure and/or flow rate that is applied to each output 
hydraulic load can be controlled using pressure sensor signals associated with 
each pressurized outlet from the IMV assembly. Preferably, such pressure 
sensors are incorporated into the IMV assembly and thus simplify the packaging 
of the hydraulic system. The hydraulic system of the present invention therefore 
provides a greater degree of freedom in controlling multiple output hydraulic 
loads using an already existing pump on an internal combustion engine and a pre- 
packaged IMV assembly. 

Other aspects, objects and advantages of this invention can be 
obtained from a study of the drawings, the disclosure and the appended claims. 



